The first papers in this series (1 to 5) have described the properties of the constituents of plasma in solution. The physical chemical properties of sedimentation, electrophoretic mobility, osmotic pressure, viscosity, and double refraction of flow reflect the behavior of the protein molecules moving as individuals in the dissolved state. The physiological properties which are of importance in medicine, such as restoration of blood volume, immunization, and agglutinin reactions, are presumably related to individual molecular behavior.
Highly specific properties of certain molecules, such as fibrinogen, lead to their association to form solid structures. This introduces a new set of physical chemical properties, and a new set of physiological properties which apply to surgery rather than to medicine. The preceding paper has dealt with the physical chemistry of the normal clotting process (6) . Now, it has been found that, when the human plasma proteins which are involved in the normal process are allowecl to react in vitro, under controlled conditions, clots may be obtained with a wide variety of physical characteristics. XVe shall describe these clots, as well as two kinds of derived products-the fibrin films and fibrinogen plastics-which we have developed from the same proteins.
The The term fibrin film is applied both to a single lamina of plasticized fibrin and to modified sheets, consisting of fibrin backed by other layers (bandage, waterproofing, etc.). The plain fibrin films form the basic material for the other types. They can provide a variety of mechanical properties, ranging from a soft and resilient to a tough and rubbery structure. Products with different properties may be prepared to meet the mechanical and chemical specifications for different clinical needs.
Dimensions. Plain fibrin films have thus far been prepared in sheets, seamless tubes, and fibers. The sheet thickness is usually specified in terms of milligrams of fibrin per square centimeter, which may range from 1 to 50. Composition. The films are composed of protein plus plasticizer. A "plasticizer," in technical terminology, is a substance of low molecular weight (usually a liquid) which is incorporated to make a plastic material soft and flexible rather than hard and brittle. In the fibrin films, the plasticizer may be simply water. If, for storage and distribution, other liquids are employed, due consideration has been given to their lack of toxicity, local and general. As used in surgery, the films are frequently immersed for some time in water or saline; this procedure FMFIG. 3 The shape of the stress-strain curve is primarily influenced by the proportion of fibrin in the film.
When the amount of fibrin is small, and the plasticizer occupies most of the volume, the stress increases linearly until an elongation of a little over 100 per cent is reached, and then goes up much more rapidly (Figure 4 ). Thus the film has an easy rubbery stretch to 100 per cent, and thereafter "firms up" so that further stretch is more difficult. This type of curve we have called linear. Sometimes films break before the firming-up stage is reached (Figure 4a ) but this is attributed to flaws rather than to any essential difference in structure.
When the amount of fibrin is large, the stressstrain curve rises steeply at first, then at about 30 per cent elongation flattens off, and finally rises steeply at the end ( Figure 5) . Thus, the film, which may be qualitatively described as "tough" rather than "rubbery," requires a strong pull at the beginning of stretch, then deforms more easily as the stretching continues, and eventually firms up at 100 to 150 per cent elongation. This type of curve is described as S-shaped.
The difference between linear and S-shaped stress-strain curves may be interpreted in terms of the attractive forces between the units of the fibrin structure (whether these units are molecules, micelles, or other aggregates, or crystallites, remains to be determined). When the units are kept apart, initial stiffness is avoided; when the units are closer together, the attraction between them requires a high initial stress to start deformation.
It is of interest to compare the linear and S-shaped curves of structures. The linear curve (Figure 4b ) is very like that of the ligamentum nuchae (13) ( Figure  6 ), whereas the S-shaped curve ( Figure 5 ) is very like that of a wool fiber (14) (Figure 7 ) except for a difference in scale. The ligamentum nuchae, of course, normally contains a large amount of plasticizer (i.e., tissue fluids); whereas wool has a rather low content of plasticizer (i.e., moisture before it has stretched very far.
Chemical properties. The chemical properties of the fibrin films may be altered by various treatments. For example, the untreated film is readily digested by proteolytic enzymes, including trypsin, pepsin, the natural lysin which is concentrated in some of the fractions of blood plasma (1, 6) , and the lytic enzyme of hemolytic streptococcus.3 A small amount of the natural human plasma lysin, occurring largely as an impurity in the thrombin used to form the fibrin, is often retained in the film, so that the latter may lyse spontaneously when plasticized with water alone. Certain of the other plasticizers that have been employed inhibit the natural lysin and are therefore used in storage.
After certain treatments, the film becomes increasingly resistant toward proteolytic enzymes, and also toward absorption in living tissue.
Modified fibrin films. Besides the plain Type P fibrin film, modifications have been prepared as follows:
Type F film consists of plasticized fibrin with a backing of elastic bandage or elastic knitted cotton material for use in bandaging ( Figure 9 ).
Type W film consists of plasticized fibrin with an elastic waterproof covering, made of non-toxic synthetic plastic, selected to have the same stress-strain characteristics, as far as possible, as the fibrin itself.
Type WF film consists of plasticized fibrin with a backing of elastic bandage or elastic cotton material, to the other side of which is applied an elastic waterproof coating.
The possible value of these fabric-backed and waterproof films is discussed in another paper of this series (9) .
Sterilization. Mechanical properties. As in the case of films, the mechanical properties of the plastics depend largely upon the relative proportions of protein and plasticizer. As an approximate description, those containing 25 to 50 per cent protein are rubbery, those containing 50 to 75 per cent protein are leathery, and those containing more than 75 per cent protein are horny in character.
The stress-strain curves are similar to those of the films, except that the maximum elongation is much less, rarely-exceeding 50 per cent.
SUMMARY
Fibrin films and fibrinogen plastics are structural materials derived from the proteins of human plasma involved in the natural coagulation process. They may be prepared in a wide variety of shapes, sizes, and mechanical properties. In the latter characteristics, which are dependent largely upon the proportion of protein present in the solid mass, the films and plastics may simulate different natural anatomical structures. It is possible to modify their susceptibility to attack by proteolytic enzymes, as well as their rates of absorption in living tissues. BIBLIOGRAPHY 
